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A QUICK OVERVIEW
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MadGraph5_aMC@NLO

aMC@NLO

MadLoop5

MadFKS5

MG5 v1.x
tree-level features

This separation is transparent to the users.
Publicly available since 8th Nov. 2012

[ J. Alwall, R. Frederix, S. Frixione, V. H, F. Maltoni, O. Mattelaer, H.-S. Shao, T. Stelzer, P. Torrielli, M. Zaro ]

(Reference paper came out recently, [hep-ph/1405.0301] )

http://arxiv.org/find/hep-ph/1/au:+Alwall_J/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Alwall_J/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Frederix_R/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Frederix_R/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Frixione_S/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Frixione_S/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Hirschi_V/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Hirschi_V/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Maltoni_F/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Maltoni_F/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Mattelaer_O/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Mattelaer_O/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Shao_H/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Shao_H/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Stelzer_T/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Stelzer_T/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Torrielli_P/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Torrielli_P/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Zaro_M/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Zaro_M/0/1/0/all/0/1
http://arxiv.org/abs/1405.0301
http://arxiv.org/abs/1405.0301
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madgraph5_aMC@NLO
friend of users

Process generation

With options specified:
>	
  import	
  model	
  loop_sm-­‐no_hwidth
>	
  set	
  complex_mass_scheme
>	
  generate	
  p	
  p	
  	
  >	
  e+	
  ve	
  mu-­‐	
  vm~	
  b	
  b~	
  /	
  h	
  QED=2	
  [QCD]
>	
  output	
  MyProc
>	
  launch	
  -­‐f

 generate	
  <process>	
  <amp_orders_and_option>	
  [<mode>=<pert_orders>]	
  <squared_orders>	
  
 import	
  model	
  <model_name>-­‐<restrictions>

 output	
  <format>	
  <folder_name>
 launch	
  <options>

Examples, starting from a blank MG5 interface.

Very simple one:
>	
  generate	
  p	
  p	
  >	
  t	
  t~	
  [QCD]
>	
  output
>	
  launch
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[Frederix et al. 1401.7340]
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You don’t believe this 
particular data point? Then just type:

>	
  generate	
  p	
  p	
  >	
  z	
  h	
  h	
  [QCD]
>	
  output
>	
  launch

[Frederix et al. 1401.7340]
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[Frederix et al. 1401.7340]

Or just the  evaluation of the loop 
matrix element for a given PS point ?

>	
  generate	
  p	
  p	
  >	
  z	
  h	
  h	
  [virt=QCD]
>	
  output
>	
  launch
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State of the art in
Accuracy
[loops]
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State of the art in
Accuracy
[loops]

Kin. complexity
[final state legs]
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(and automatic)

Parton level
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2014

Inclusive NLO and LO+PS was to the Tevatron era what ...

... inclusive NNLO and NLO+PS is to the LHC era
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Automatic NLO in the SM (2014)
[J. Alwall et al. 1405.0301]
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Automatic NLO in the SM (2014)
[J. Alwall et al. 1405.0301]
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More complicated processes....

More complicated one-loop matrix elements can be generated, and computed 
for a single phase space point.

Use MadLoop standalone mode, i.e. [virt= <>]

Can easily create a ML dynamic library to interface to other Monte-
Carlo generator (as it is done in a still private plugin to Sherpa).

Being fully numerical, MadLoop generation time is not prohibitive.

Process tgeneration trun / PS / hel. conf. nloops | nloop_groups

g	
  g	
  →	
  d	
  d~	
  b	
  b~	
  t	
  t~	
  [virt=QCD] 15 h 18.6 s    5’4614 | 8’190 

u	
  u~	
  →	
  d	
  d~	
  t	
  t~	
  [virt=QCD	
  QED] 28 min 895 ms    10’947 | 811

u	
  d~	
  →	
  d	
  d~	
  W+	
  Z	
  H	
  [virt=QCD	
  QED] 25 h 26.4 s  187’138 | 8’098

Details in 1405.0301

No reason not to cross-check alternative computations of loop ME’s vs MadLoop
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HOW IT DOES IT
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What does MadLoop really compute?
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What does MadLoop really compute?
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How does are the loops computed
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How does are the loops computed

OPP as implemented in
 CutTools [0711.3596, G. Ossola, C.G.Papadopoulos, R.Pittau],

Samuraï [1006.0710, P. Mastrolia, G. Ossola, T. Reiter, F. Tramontano]
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OPP as implemented in
 CutTools [0711.3596, G. Ossola, C.G.Papadopoulos, R.Pittau],

Samuraï [1006.0710, P. Mastrolia, G. Ossola, T. Reiter, F. Tramontano]

TIR as implemented in
PJFry++ [1405.0301, J. Fleischer, T. Riemann, V. Yundin] ,
COLLIER [1005.20706, A.Denner, S.Dittmaier] ,

IREGI [to appear, H.Shao]
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How does are the loops computed

OPP as implemented in
 CutTools [0711.3596, G. Ossola, C.G.Papadopoulos, R.Pittau],

Samuraï [1006.0710, P. Mastrolia, G. Ossola, T. Reiter, F. Tramontano]

TIR as implemented in
PJFry++ [1405.0301, J. Fleischer, T. Riemann, V. Yundin] ,
COLLIER [1005.20706, A.Denner, S.Dittmaier] ,

IREGI [to appear, H.Shao]

Reduction technique
for g g > t t~ g

Reduction time 
( % relative to total time, hel summed.)

OPP	
  (double	
  prec.) 16.3 ms (7%)
PJFry++ 55 ms (19%)

IREGI 295 ms (56%)
OPP	
  (quad.	
  prec.) 1630 ms (7%)
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Open-loops
[S. Pozzorini & al. hep-ph/1111.5206]

• Lite-Motive: Be Numerical where you can and analytical where you should.

N (lµ) =
r
maxX

r=0

C(r)
µ0µ1···µr

lµ0 lµ1 · · · lµr



Valentin Hirschi, SLAC LoopFest XIII, NYCCT 18.06.2014 22

Open-loops
[S. Pozzorini & al. hep-ph/1111.5206]

• Lite-Motive: Be Numerical where you can and analytical where you should.

N (lµ) =
r
maxX

r=0

C(r)
µ0µ1···µr

lµ0 lµ1 · · · lµr

• How to get these coefficients? (Wavefunction and 4-momenta indices now omitted)

...
W 0

1

W 1
2

W 1
3

W 2
4

W 3
5V 1

1

V 0
2

V 1
3

V 0
4



Valentin Hirschi, SLAC LoopFest XIII, NYCCT 18.06.2014 22

Open-loops
[S. Pozzorini & al. hep-ph/1111.5206]

• Lite-Motive: Be Numerical where you can and analytical where you should.

N (lµ) =
r
maxX

r=0

C(r)
µ0µ1···µr

lµ0 lµ1 · · · lµr

• How to get these coefficients? (Wavefunction and 4-momenta indices now omitted)

...
W 0

1

W 1
2

W 1
3

W 2
4

W 3
5V 1

1

V 0
2

V 1
3

V 0
4

V (r=0,1)
j =

rX

i=0

vij l
iW (r)

j =
rX

i=0

wi
j l

i



Valentin Hirschi, SLAC LoopFest XIII, NYCCT 18.06.2014 22

Open-loops
[S. Pozzorini & al. hep-ph/1111.5206]

• Lite-Motive: Be Numerical where you can and analytical where you should.

N (lµ) =
r
maxX

r=0

C(r)
µ0µ1···µr

lµ0 lµ1 · · · lµr

• How to get these coefficients? (Wavefunction and 4-momenta indices now omitted)

...
W 0

1

W 1
2

W 1
3

W 2
4

W 3
5V 1

1

V 0
2

V 1
3

V 0
4

V (r=0,1)
j =

rX

i=0

vij l
iW (r)

j =
rX

i=0

wi
j l

i

W (0)
1 = w0

1 = 1



Valentin Hirschi, SLAC LoopFest XIII, NYCCT 18.06.2014 22

Open-loops
[S. Pozzorini & al. hep-ph/1111.5206]

• Lite-Motive: Be Numerical where you can and analytical where you should.

N (lµ) =
r
maxX

r=0

C(r)
µ0µ1···µr

lµ0 lµ1 · · · lµr

• How to get these coefficients? (Wavefunction and 4-momenta indices now omitted)

...
W 0

1

W 1
2

W 1
3

W 2
4

W 3
5V 1

1

V 0
2

V 1
3

V 0
4

V (r=0,1)
j =

rX

i=0

vij l
iW (r)

j =
rX

i=0

wi
j l

i

W (0)
1 = w0

1 = 1

W (1)
2 = (v11l + v01)w

0
1



Valentin Hirschi, SLAC LoopFest XIII, NYCCT 18.06.2014 22

Open-loops
[S. Pozzorini & al. hep-ph/1111.5206]

• Lite-Motive: Be Numerical where you can and analytical where you should.

N (lµ) =
r
maxX

r=0

C(r)
µ0µ1···µr

lµ0 lµ1 · · · lµr

• How to get these coefficients? (Wavefunction and 4-momenta indices now omitted)

...
W 0

1

W 1
2

W 1
3

W 2
4

W 3
5V 1

1

V 0
2

V 1
3

V 0
4

V (r=0,1)
j =

rX

i=0

vij l
iW (r)

j =
rX

i=0

wi
j l

i

W (0)
1 = w0

1 = 1

W (1)
2 = (v11l + v01)w

0
1

W (1)
3 = v02W

(1)
2 = v02(v

1
1l + v01)w

0
1



Valentin Hirschi, SLAC LoopFest XIII, NYCCT 18.06.2014 22

Open-loops
[S. Pozzorini & al. hep-ph/1111.5206]

• Lite-Motive: Be Numerical where you can and analytical where you should.

N (lµ) =
r
maxX

r=0

C(r)
µ0µ1···µr

lµ0 lµ1 · · · lµr

• How to get these coefficients? (Wavefunction and 4-momenta indices now omitted)

...
W 0

1

W 1
2

W 1
3

W 2
4

W 3
5V 1

1

V 0
2

V 1
3

V 0
4

V (r=0,1)
j =

rX

i=0

vij l
iW (r)

j =
rX

i=0

wi
j l

i

W (0)
1 = w0

1 = 1

W (1)
2 = (v11l + v01)w

0
1

W (1)
3 = v02W

(1)
2 = v02(v

1
1l + v01)w

0
1

W (1)
4 = V (1)

3 W (1)
2 = (v13l + v03)v

0
2(v

1
1l + v01)w

0
1



Valentin Hirschi, SLAC LoopFest XIII, NYCCT 18.06.2014 22

Open-loops
[S. Pozzorini & al. hep-ph/1111.5206]

• Lite-Motive: Be Numerical where you can and analytical where you should.

N (lµ) =
r
maxX

r=0

C(r)
µ0µ1···µr

lµ0 lµ1 · · · lµr

• How to get these coefficients? (Wavefunction and 4-momenta indices now omitted)

...
W 0

1

W 1
2

W 1
3

W 2
4

W 3
5V 1

1

V 0
2

V 1
3

V 0
4

V (r=0,1)
j =

rX

i=0

vij l
iW (r)

j =
rX

i=0

wi
j l

i

W (0)
1 = w0

1 = 1

W (1)
2 = (v11l + v01)w

0
1

W (1)
3 = v02W

(1)
2 = v02(v

1
1l + v01)w

0
1

W (1)
4 = V (1)

3 W (1)
2 = (v13l + v03)v

0
2(v

1
1l + v01)w

0
1

... or end of loop and C(2) = v13v
0
2v

1
1w

0
1, C

(1) = v02w
0
1(v

1
3v

1
0 + v03v

1
1), C

0 = · · ·



Valentin Hirschi, SLAC LoopFest XIII, NYCCT 18.06.2014

THE BSM CHASE.
A NEW WEAPON FOR
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Feynrules @ NLO (version 2.1)

24

Lagrangian

FeynArts

Interfaces or UFO

TeX Feynman Rules

Model-file
Particles, parameters, ...

FeynRules

Golem

MadGraph 5

Sherpa

[Alloul, Christensen, Degrande, Duhr, Fuks] 

Whizard

CalcHep

HERWIG
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Feynrules @ NLO (version 2.1)

24

Lagrangian

FeynArts

Interfaces or UFO

TeX Feynman Rules

Model-file
Particles, parameters, ...

FeynRules

Golem

MadGraph 5

Sherpa

[Alloul, Christensen, Degrande, Duhr, Fuks] 

Whizard

CalcHep

HERWIG

FeynArts
Needed for the

computation of  UV 
(and R2) counterterms

N
ew

 and public!

[C. Degrande, 1406.3030] 

NLOCT
+
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Ex.: Renormalizing the Two Higgs Doublet Model

25

... automation was 
much needed here 

H+ wavefunction 
renormalization 
constant in 2HDM
for QCD, QED and
EW corrections...
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Ex.: Renormalizing the Two Higgs Doublet Model

25

... automation was 
much needed here 

H+ wavefunction 
renormalization 
constant in 2HDM
for QCD, QED and
EW corrections...

with
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Handling BSM Models
UFO MODELS @ NLO

Additional features in UFO@NLO:

CouplingOrder
expansion_order
perturbative_expansion
hierarchy

CTVertices
V GGZA = CTVertex(name = ‘V GGZA‘,

particles = [P.G, P.G, P.Z, P.A],

color = [‘Tr(1, 2)‘],

lorentz = [L.R2 GGVV],

loop particles = [[[P.u], [P.c], [P.t]], [[P.d], [P.s], [P.b]]],

couplings = {(0, 0, 0) : C.R2 GGZAup, (0, 0, 1) : C.R2 GGZAdown},
type = ‘R2‘)

CTParameters

MyCTParam = CTParameter(name = ‘MyCTParam‘,

type = ‘real‘,

value = {�1 : ‘A‘, 0 : ‘B‘}
texname = ‘MadRules‘)

Specify UV and R2 vertices BSM models under validation
Higgs effective theory

SUSY
2 Higgs doublet model

EW/QED corrections
Anomalous top FCNC eff. th.
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A loop model database

27
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A loop model database

27

NLO models (100000) SOON!
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• On-going developments :
• Validation of automatically generated NLO UFO BSM models
•  Automated subtraction and matching for  mixed corrections 

(loops are done)
• More efficient MadLoop output for loop-induced processes 

and their automatic integration.
• Systematic study of numerical stability with different TIR algos.

• On-going applications (just a taste)
• Semi-automated study of EW corrections  to p p ⇾ t t H

• NLO QCD for SUSY processes with compressed spectra.

A look ahead...
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THE END.
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Back Up slides
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Process tpol [ms] nhel tunpol [ms]

u	
  u~	
  →	
  t	
  t~ 0.52 3/16 0.72
u	
  u~	
  →	
  w+	
  w-­‐ 0.43 10/36 1.00
u	
  d~	
  →	
  w+	
  g 0.87 6/24 1.51
g	
  g	
  →	
  t	
  t~ 2.51 6/16 5.42

u	
  u~	
  →	
  t	
  t~	
  g 7.44 16/32 27.5
u	
  u~	
  →	
  w+	
  w-­‐	
  g 9.3 36/72 81.8
u	
  d~	
  →	
  w+	
  g	
  g 13.5 12/48 36.9
g	
  g	
  →	
  t	
  t~	
  g 40.8 32/32 381

u	
  u~	
  →	
  t	
  t~	
  g	
  g 142 32/64 1010
u	
  u~	
  →	
  w+	
  w-­‐	
  g	
  g 166 72/144 2820
u	
  d~	
  →	
  w+	
  g	
  g	
  g 260 24/96 1’310
g	
  g	
  →	
  t	
  t~	
  g	
  g 826 64/64 16’900

u	
  d~	
  →	
  w+	
  g	
  g	
  g	
  g 9400 48/192 90’900

Polarized timing competitive

Good enough for 2 → 3 
and almost all 2 → 4

Unpolarized timing

 2 → 5  generation feasible

But computation relatively slow, 
so only useful to cross-check 

other codes
(Ex. gg→gggg successfully cross-checked 

vs NJet[S. Badger, V. Yundin])

Higher multiplicity

 t2→2 : t2→3 : t2→4     1 : 40 : 800 ms≲

MadLoop timings
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Timing of the OpenLoops 
coefficients computation

Process unpol tcoef / ttot pol tcoef / ttot nloops / nloop_groups

u	
  u~	
  →	
  t	
  t~ 42% 20% 8 / 14
u	
  u~	
  →	
  w+	
  w-­‐ 69% 21% 5 / 6
u	
  d~	
  →	
  w+	
  g 52% 16% 9 / 11
g	
  g	
  →	
  t	
  t~ 66% 25% 26 / 45

u	
  u~	
  →	
  t	
  t~	
  g 78% 18% 54 / 128
u	
  u~	
  →	
  w+	
  w-­‐	
  g 91% 24% 40 / 98
u	
  d~	
  →	
  w+	
  g	
  g 69% 17% 61 / 144
g	
  g	
  →	
  t	
  t~	
  g 92% 29% 164 / 556

u	
  u~	
  →	
  t	
  t~	
  g	
  g 88% 22% 374 / 1530
u	
  u~	
  →	
  w+	
  w-­‐	
  g	
  g 95% 25% 260 / 1108
u	
  d~	
  →	
  w+	
  g	
  g	
  g 84% 20% 405 / 1827
g	
  g	
  →	
  t	
  t~	
  g	
  g 97% 35% 1168 / 7356

u	
  d~	
  →	
  w+	
  g	
  g	
  g	
  g 94% 21% 3255 / 25666
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Default vs optimized timings
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• First generates all tree-level Feynman Diagrams

• Compute the amplitude of each diagram using a 
chain of calls to HELAS subroutines

A basic reminder
The evolutive way of computing tree-diagrams

• Finally square all the related amplitude with their 
right color factors to construct the full LO amplitude
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• Instead of using an external tool for loop diagram generation, we recycle 
MadGraph5 algorithm for tree level diagram generation.

• A loop diagrams with the loop cut open has two extra external particles. 
Consider e+e- ➞ u u~ u u~ (loop particles are in green). MadLoop will generate 
8 L-cut diagrams. Here are two of them:

Generating loop diagrams

• All diagrams with two extra 
particles are generated and the 
ones that are redundant need 
be filtered out

• Each diagram gets an unique 
tag: any mirror and/or cyclic 
pe rmuta t i ons o f t ags o f 
diagrams already in the set are 
taken out

• Additional filter to eliminate 
tadpoles and bubbles attached 
to external lines

≡

≡

Diag 1 = [u⇤(6)g⇤(5)u⇤(A)]

Diag 3 = [u⇤(A)u⇤(6)g⇤(5)]
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STABILITY TESTS AND RECOVERY

Stability probed via two methods:
• Loop reading direction : D0D1...Dn-1Dn → DnDn-1...D1D0
   ➥ Advantage: The coefficients of N(q) need not be recomputed.
• Two PS point rotations :  (E,x,y,z) → (E,z,-x,-y) and (E,x,y,z) → (E,-z,y,x)

• Accuracy estimation : These independent computations Ei(DP) of the same 
quantity  provide an estimation ξ(DP) of the numerical accuracy of the result 
provided.

• Automatic switch to QP : MadLoop recomputes, on the flight, the loop 
ME for the unstable point, and its stability evaluation yields ξ(QP). If ξ(QP) is 
acceptable then point is UPS if not it is EPS
• EPS are inexistent from a practical point of view, but UPS can become a 
threat as their computation is 100 times slower.

If unstable :
• Switch to other reduction methods if available (i.e various. TIR algos) and 
perform stability tests again.

If still unstable :


